Background: Persons with certain neurological conditions have higher mortality rates than the population without neurological conditions, but the risk factors for increased mortality within diagnostic groups are less well understood. The interRAI CHESS scale has been shown to be a strong predictor of mortality in the overall population of persons receiving health care in community and institutional settings. This study examines the performance of CHESS as a predictor of mortality among persons with 11 different neurological conditions.
Introduction
The World Health Organization estimates that neurological conditions account for about 12% of global deaths and about 14% of years of healthy life lost to death [1] . For many developed nations, neurological deaths have gained prominence in relation to total mortality in the last three decades [2] . Certain neurological conditions (e.g., multiple sclerosis, stroke, TIA, parkinsonism) are associated with higher risks of mortality rates compared with persons without those conditions [3, 4] ; however, the risk factors for increased mortality within diagnostic groups are less well understood. Algorithms to predict mortality have been developed specifically for persons with ALS [5, 6] , Parkinsons disease [7] and Traumatic Brain Injury [8] using a variety of functional, clinical, and laboratory based indicators. Although some disease-specific methods appear to perform well at predicting survival times, these algorithms are often not applicable across neurological conditions or to non-neurological populations. In addition, the indicators employed in these algorithms are often not readily available in existing medical records.
The Changes in Health, End-stage disease, and Signs and Symptoms (CHESS) scale has been shown to predict mortality, health service use, and caregiver distress in the overall populations of persons receiving care in home care, post-acute, nursing home and palliative care settings [9] [10] [11] [12] [13] [14] . CHESS is a summary measure based on a count of decline in Activities of Daily Living (ADL); decline in cognition; symptoms such as weight loss, shortness of breath, and edema; and clinician ratings of a prognosis of less than six months. Although counts of deficits [15] [16] [17] can be useful indicators of frailty in older populations, CHESS has been shown to be a stronger predictor of time to adverse outcomes in home care clients than the Frailty Index [13] . CHESS scores are standardized algorithms obtained from items embedded in the interRAI assessment instruments, which have been adopted across the continuum of care in several countries including Canada [18] [19] . As a result, persons of different ages receiving care in different interRAI CHESS Scale and Mortality PLOS ONE | www.plosone.orgservice settings can be compared directly with equivalent measures. While CHESS has been shown to be a good predictor of a variety of adverse outcomes in the overall population of persons receiving non-acute care, it is not clear whether it would function equally well among diagnostic subgroups. Previous research showed that CHESS is a more effective predictor of mortality in nursing home residents with heart failure compared with the New York Heart Association (NYHA) classification [20] , but it has not been evaluated specifically for persons with neurological conditions. Given that these data are readily available in countries where interRAI instruments have been adopted as standardized assessments [19, 21] , it would be useful to know how the scale performs in specialized subpopulations who would be assessed with the interRAI instrument as part of routine clinical practice. This research was undertaken as part of the National Population Health Study of Neurological Conditions (NPHSNC), which aimed to examine the scope, impact, risk factors and health service use related to neurological conditions in Canada [22] .
Materials and Methods

Ethics
Ethics clearance for this research was obtained through the Office of Research Ethics at the University of Waterloo.
Sample
The samples considered in the present analyses include persons in three care settings with 10 neurological conditions identified as priorities for the NPHSNC (i.e., Alzheimer's and related dementia, Parkinson's disease, Traumatic Brain Injury, Epilepsy, Multiple Sclerosis, Cerebral Palsy, Amyotrophic Lateral Sclerosis, Spinal Cord Injury, Muscular Dystrophy, Huntington's Disease), stroke, and other non-neurological conditions. Although stroke was not identified as a priority condition by the funders of NPHSNC, it was retained for the present analyses given its importance as a neurological condition. For some analyses, the 10 priority conditions and stroke are combined as a single neurological conditions group; however, the conditions are also examined separately because it is unlikely that all neurological conditions have the same relationship to mortality.
The samples examined in the present study included Canadian long stay home care (HC) clients in Ontario, Winnipeg Regional Health Authority, and the Yukon Territory (n = 359,940). This included 140,765 persons with one or more of the abovementioned 11 neurological conditions among those home care clients. In addition, data were available for 88,721 Ontario and Winnipeg Regional Health Authority complex continuing care hospital (CCC) patients and 185,309 long term care home (LTC) residents in Ontario, Winnipeg Regional Health Authority, Saskatchewan, Yukon Territory, British Columbia, Nova Scotia, and Newfoundland (50,277 and 146,165 had one or more of the neurological conditions of interest in those settings, respectively).
All persons assessed as part of normal clinical practice with either the Resident Assessment Instrument (RAI 2.0) in CCC or LTC between 2003-2010 or the RAI-Home Care (RAI-HC) in HC settings between 2007-2011 were eligible for inclusion in the study sample. For home care where reassessments are normally conducted between six and 12 months, the last assessment was used. For those in CCC and LTC where 3 month reassessment is done, the observation closest to July 1 in the last year they were assessed was used to construct an observational cohort. Nursing homes 
Data source
The two primary data sources for the study were the Canadian Institute for Health Information's (CIHI) Home Care Reporting System and Continuing Care Reporting System, which house the RAI 2.0 and RAI-HC data on a national basis in Canada. The eight provinces/territories that have mandated implementation of one or more interRAI instruments submit their data to CIHI for national statistical reporting. CIHI in turned linked the assessment data to the hospital Discharge Abstract Database (DAD), National Ambulatory Care Reporting System (NACRS) in order to permit longitudinal follow-up. Mortality was tracked over a six month period following the baseline assessment using these various information sources, and surviving cases were censored at June 30, 2011 .
The data used in the present analyses were provided to the research team by CIHI as part of a pre-existing data sharing agreement between interRAI and CIHI. The data are not publicly available and cannot be transmitted to third parties due to legal terms specified in this license agreement; however, other researchers may apply to CIHI for access to the data through another data sharing mechanism available to the general research community in Canada. The data are hosted on a secure server at the University of Waterloo, which meets CIHI's standards for privacy protection. All data were de-identified by CIHI prior to transmission to the University of Waterloo.
The RAI 2.0 and RAI-HC assessments each comprise over 350 sociodemographic, administrative, clinical and diagnostic items at the individual level. In addition to the 11 neurological conditions of interest here, these assessments gather information related to a broad range of functional and clinical measures including the CHESS scale. Evidence about the reliability and validity of the interRAI family of assessment instruments has been reported elsewhere [23] [24] [25] [26] [27] , including reports on the validity of diagnostic data in these assessments [28] [29] .
Statistical analysis
The first analytic steps focused on the description of the study samples in each of the three care settings of interest by diagnosis with the aim of understanding differences in the distributions of underlying risk factors for mortality between the diagnostic groups (e.g., age, sex). The diagnostic groups were coded as a series of binary variables that were not mutually exclusive (e.g., persons with traumatic brain injury and epilepsy were coded as having the diagnosis ''present'' for both binary variables); however, the group ''None of these 11 conditions'' had none of the 11 neurological conditions of interest present. In addition, the relationships between diagnosis and clinical characteristics like cognitive impairment, physical disability, depression and CHESS scores were also examined.
Proportional hazards models were used to examine mortality within each of the neurological subgroups and among persons with none of the neurological conditions of interest. In addition, the survival rates for all persons in each of the HC, LTC and CCC settings were examined by neurological condition after controlling for CHESS, age, and sex. It was not the aim of the present study to develop definitive, comprehensive models of all risk factors for mortality within each neurological condition, but rather to explore the utility of the CHESS scale for persons with neurological conditions. All diagnoses were included in the multivariate analyses as dummy variables, which would permit persons with multiple neurological diagnoses to be included in the model and would permit estimates of the independent explanatory power of individual diagnoses after adjusting for comorbid conditions. Table 3 . Age-and sex-adjusted hazard ratios for mortality by CHESS score, setting and diagnosis in five Canadian provinces/ territories. In addition, logistic regression models using the same independent variables employed in the survival models were used to model 6-month mortality as a binary dependent variable. The c statistics obtained from these models were used to provide information on the explanatory power of the models and their components.
The 6-month follow-up period for mortality was chosen to reflect the recommended interval between assessments in home care. In the other two settings, a shorter reassessment cycle (three months) is used. Therefore, half a year is the longest recommended time period without a follow-up assessment that would provide new information to inform clinical action. In other words, the time frame used in the survival models reflects the period for which assessments are intended to inform clinical responses to the person's needs before being reassessed.
In addition to the hazard ratios provided by the survival models, estimates of the death rate per 1,000 person years were derived to illustrate the magnitude of mortality across settings and between diagnostic groups.
The analyses were done for the three care settings separately, rather than as a pooled sample, because the individual sectors would be particularly interested in the applicability of the CHESS within their own setting. In addition, the mortality rates differ substantially between settings for all cases combined and for individual diagnostic groups.
Results Table 1 provides a summary of the demographic and clinical characteristics of the samples of persons with neurological conditions and those with none of the 11 conditions of interest in all three care settings. Substantial differences in the age and sex distributions by diagnosis are evident within settings; however, these differences also occur within diagnostic groups in different care settings. For example persons with cerebral palsy and muscular dystrophy tend to be youngest and those with Alzheimer's and related dementias are the oldest in each care setting. However, for each diagnostic group, those in HC and CCC tend to be younger than in LTC. In addition, persons with multiple sclerosis have the highest percentage of females in all three settings. There are also substantial differences in cognitive impairment, functional status, depressive symptoms and CHESS scores across settings and between diagnostic groups (see Tables 1 and 2 ). Compared with persons without any of the 11 conditions of interest, the neurological subgroups have higher rates of moderate or worse cognitive and ADL impairment. Less pronounced differences are evident for depressive symptoms. However, for all three of these clinical issues the rates are lower in HC compared with facility based settings. On the other hand, the percentage with CHESS scores of two or more are lowest in LTC homes and highest in CCC hospitals/units, and these trends are evident within diagnostic groups across settings (Table 2) .
These clinical and demographic differences indicate that there is substantial heterogeneity within and between persons with different types of neurological conditions across the continuum of care that would not be taken into account if one considered diagnosis alone. Table 3 provides the age and sex-adjusted hazard ratios and 95% confidence limits for the CHESS scale for each neurological condition in the three care settings. For almost all conditions in HC, LTC, and CCC there were consistent increments in the hazard ratios for six month mortality by Table 5 . C statistics (95% CL) for multiple logistic regression models including age, sex, diagnoses and CHESS score, by care setting in five Canadian provinces/territories.
CHESS score within the diagnostic group. In a few cases, small cell sizes resulted in confidence intervals overlapping with 1.00. Only Huntington's disease failed to show a strong association between CHESS scores and survival in HC and CCC; however, higher CHESS scores were strongly associated with higher hazard ratios for mortality among residents with Huntington's in LTC.
The magnitude of changes in hazard ratios for each increment in the CHESS scale varied somewhat by diagnostic group. For example, the increase in hazard ratios for persons with CP in LTC homes was significant, but much less pronounced than for other diagnostic groups in those settings. Also, the hazard ratios for CHESS scores of 5 differed by diagnosis, but they were consistently associated with dramatically higher hazard ratios compared with the reference group of CHESS equal to 0. The small cell sizes for some conditions (e.g., Muscular Dystrophy) result in estimates with wide confidence intervals, but the general trend of increased hazard ratios with higher CHESS scores is quite consistent. Figures 1a to 1c provide the survival curves for persons with any of the 11 neurological conditions by CHESS score across the three care settings. In each case, the CHESS score differentiated the survival experience of persons with neurological conditions. However, the differences in survival by CHESS were largest in facility based settings and survival rates were generally the lowest in CCC hospitals/units. Table 4 provides the results for multivariate proportional hazards models for six month survival by care setting using diagnosis as a covariate rather than a stratification variable. In HC and LTC homes, age was associated with an increased risk of mortality, but this was not evident in the CCC sample. On the other hand, being female was a protective factor in each setting, but only slightly so in CCC. In all three settings, higher CHESS scores were related to higher hazard ratios for mortality after adjusting for age, sex and diagnosis. However, the various neurological diagnoses were only weakly (and inconsistently) related to mortality after adjusting for age, sex, and CHESS score. Only ALS was consistently associated with an elevated mortality risk, but Alzheimer's and related dementias and Parkinson's were consistently negatively associated with mortality in the adjusted models. The other diagnostic groups were either not significantly different than the reference group or they had inconsistent patterns across care settings. Table 5 provides the c statistics (and 95% confidence limits) obtained from logistic regression models for mortality as a binary outcome within a 6-month period using the same independent variables as the survival models in Table 4 . In each care setting, the value of c was modest (,0.70) for the baseline models with the 11 diagnostic variables, age and sex; however, the addition of CHESS substantially improved the performance of these models in all three care settings. Table 6 provides the number of deaths per 1,000 person years by CHESS and care setting in order to describe the magnitude of mortality for selected diagnoses in the study samples. As might be expected, mortality tends to be lowest in home care settings and highest in complex continuing care hospitals/units. When mortality was considered within sectors, the number of deaths per 1,000 person years was reasonably comparable within CHESS levels across the diagnostic groups. The variations evident would be explained, at least in part, by the lack of age and sex adjustments for these rates.
Discussion
The present study provided strong evidence for the predictive validity of the CHESS scale with regard to survival in a variety of settings and populations. Higher CHESS scores were strong predictors of mortality in home care, nursing home and complex continuing care hospital settings. This trend was evident in the overall population, among persons with neurological conditions as a general category, and also within each of the 11 diagnoses considered here. The only exceptions to these trends were likely the result of reduced cell sizes for certain conditions. For example, the small sample size for Huntington's in HC and CCC may have resulted in insufficient power for analyses of CHESS in those settings.
There are a number of ways in which CHESS may prove useful for clinical, administrative, policy-development, evaluation and research purposes. Clearly, the present results suggest that CHESS scores can provide meaningful clinical insights that would be relevant to care planning and service delivery for persons with neurological conditions. For example, CHESS can identify those who may have reversible instability and who require immediate attention (see, for example, the examination of CHESS in heart failure patients [20] ). It can also inform discussions related to prognosis and it may be used as a severity measure to describe the level of instability in the person's health status. The intensity of services offered or the frequency of monitoring or reassessment may be guided, at least in part, based on these scores. Administrative and policy related applications may include the use of CHESS in case mix systems for predicting resource intensity or as a consideration in eligibility systems or targeting criteria for services involving different levels of clinical expertise. An important benefit of the CHESS distribution is that the populations of greatest concern, those with higher CHESS scores, are a relatively small group. Therefore using CHESS for eligibility or targeting criteria produces a manageable number of individuals to focus on for intensive services and advanced care planning. Research and evaluation studies on clinical outcomes related to neurological conditions could reasonably use CHESS as a covariate to adjust for differences in medical complexity or health instability. This would be important for any performance measurement initiatives that would aim to evaluate the quality of care for persons with the conditions considered here.
Most of the associations of neurological conditions with mortality were modest compared to those for age and CHESS. In part this may be because the reference group for each neurological condition (coded as a series of binary variables) likely included other neurological conditions and serious non-neurological conditions (e.g., heart failure, cancer). Also, the notable heterogeneity of sociodemographic and clinical characteristic between neurological diagnoses and across care settings clearly points to the need for information beyond diagnosis alone when considering vulnerable populations across the continuum of care. Indeed, the results presented here suggest that these other covariates that deal with underlying frailty are considerably more important than diagnosis alone when examining trends in mortality in HC, LTC and CCC settings. In addition to CHESS scores, clinical variables that could be considered include gait speed and impairments in activities of daily living, both of which have been shown to predict mortality in older persons [9, 30] .
Although there have been some algorithms developed to predict mortality in specific diagnostic groups, the CHESS scale has a number of advantages over more specialized solutions reported elsewhere. First, the CHESS score is embedded within most of the instruments within the interRAI suite of assessments. Hence, any jurisdiction that implements these instruments for their various applications, including care planning, quality monitoring, outcome measurement and resource allocation will by default have CHESS scores available for all persons assessed with these instruments with no additional cost in staff time. The broad national and international use of the interRAI instruments will therefore also permit cross-jurisdictional comparisons of the experiences of person with neurological conditions after adjusting for factors like CHESS scores. The ability to use CHESS as a generic algorithm to predict survival is also a distinct advantage over disease-specific solutions because this allows for direct comparisons across diagnostic groups. Moreover, many disease-specific algorithms include items that are a function of the health system (e.g., diagnostic delay) rather than clinical characteristics of the person making their cross-national utility limited.
The CHESS score should also be considered to be a dynamic clinical measure. Unlike static measures such as the age of onset of symptoms, the items that comprise the CHESS score (e.g., shortness of breath) may be modifiable. Future research should examine the use of CHESS as a time dependent covariate to determine the impact of changes in CHESS score over time.
The cross-sector differences in the associations of various risk factors with mortality may reflect, at least in part, differences in the reference populations against whom persons with neurological conditions are compared. For example, ALS has an adjusted hazard ratio of 1.97 in home care, but less than 1.20 in complex continuing care and nursing homes. In those latter two settings, there is a more uniformly high rate of impairment in all service recipients, whereas there is a greater degree of variation between the least and the most impaired persons in home care. For example, the sample descriptions in Table 1 showed that persons with ALS in Home Care had an almost six times higher percentage of individuals with moderate or worse ADL impairment compared with the non-neurological population. The corresponding ratios in CCC hospitals/units and nursing homes were 1.4 and 1.5, respectively. Hence, diagnosis appears less useful as a predictor of mortality in more intensive care settings, but CHESS appears to perform consistently well irrespective of care setting.
The present study also demonstrates the diversity of persons with neurological conditions. There are marked differences in the mortality experience, demographic and clinical characteristics between diagnostic groups indicating that they should not be considered to represent a collectively homogeneous population. However, it is also clear that there are notable differences in the mortality experience of persons with the same neurological diagnosis within and between care settings. This diversity within diagnosis points to the need for comprehensive assessment as a basis for care planning and service provision.
The fact that CHESS is not a biological based marker may be a limitation given that it relies on subjective clinical appraisals for at least some scale component rather than more objective physiological measures. Several studies have examined the inter-rater reliability for these measures, and they consistently meet standards for acceptable levels of agreement [23, 25] . However, these instruments do depend on good training, effective communication, and appropriate clinical skills to evaluate the person's health status. It should be regarded as a strength that interRAI assessments can be used to inform clinical practice (i.e., care planning and person level outcome measurement) and management decisions (e.g., quality indicators, case mix classification), because the countervailing incentives for these different applications would tend to balance each other out. On the other hand, if the assessment were used only for a single application (e.g., funding) one might expect that clinical measures like CHESS would become less effective as predictors of health outcomes in these settings. Therefore, it is essential to put in place mechanisms to ensure the quality of data gathered as part of the routine assessment process.
Conclusions
The CHESS scale provides a useful indicator of mortality risk for persons with neurological conditions in different health service settings across the continuum of care. It differentiates mortality risk within the overall population, those with neurological conditions and specific neurological subgroups. CHESS provides valuable information that clinicians, service providers, policy makers and researchers can use to inform decisions related to the care of persons with neurological conditions.
